Background: Exclusive breastfeeding is recommended as the best feeding alternative for infants up to six months and has a protective effect against mortality and morbidity. It also seems to lower HIV-1 transmission compared to mixed feeding. We studied infant feeding practices comparing dietary recall since birth with 24-hour dietary recall.
Background
The Millennium Development Goal 4 (MDG-4) is to reduce the under-5 mortality rates by two thirds between 1990 and 2015. The MDGs were recently evaluated, and exclusive breastfeeding for six months was considered one of the most effective interventions to achieve MDG-4 [1] . Exclusive breastfeeding, giving breast milk only and no other liquids, except drops or syrups with vitamins, mineral supplements or medicines, is superior to non-exclusive breastfeeding with a protective effect against both morbidity and mortality [2, 3] . An unhygienic and unsafe environment is the main contributor to child deaths worldwide, and exclusive breastfeeding is highly protective in resource-poor settings [4, 5] . The fact that HIV-1 may also be transmitted through breastfeeding has caused great uncertainty whether breastfeeding can be promoted in high HIV-1-prevalence areas. There have been fears of a so-called spillover effect on HIV-1-negative mothers or mothers of unknown HIV-1 status. The spillover effect would imply that mothers change breastfeeding behaviour, meaning that they do not breastfeed, stop breastfeeding earlier or increasingly practice mixed feeding, in other words giving complementary foods in addition to breast milk. World Health Organization (WHO) has emphasized that there should be an effort to ensure positive perceptions of and attitudes towards breastfeeding within the general population [6] .
Exclusive breastfeeding seems to have a protective effect on HIV-1 transmission compared to mixed feeding. Both the HIV-1-positive population in resource-poor settings and the overall population might therefore benefit from this practice [7] . Today those working on the prevention of mother-to-child transmission of HIV (PMTCT) have to acknowledge the impact of the socio-economic conditions, HIV-1 prevalence and infant mortality rate in each local setting [8] . Overall, WHO encourages exclusive breastfeeding for the first six months of life and discourages unnecessary use of breast-milk substitutes for the part of the population who do not know their HIV-1 serostatus. Replacement feeding, meaning that the infant does not receive any breast milk in addition to replacement foods, is only recommended to HIV-1-infected mothers when it is acceptable, feasible, affordable, sustainable and safe. Only when these criteria are fulfilled is it recommended to avoid all breastfeeding. Otherwise, exclusive breastfeeding is recommended during the first months of life and should then be discontinued as soon as it is feasible. This would normally imply the same conditions as for replacement feeding from birth, that is, acceptable, feasible, affordable, sustainable and safe [6] .
Uganda is considered a country with a good tradition of breastfeeding [9, 10] . Uganda has an infant mortality rate (IMR) of 81 per 1000 and an under-five mortality rate (U5MR) of 140 per 1000 [11] . The prevalence rate of HIV among pregnant women is estimated to be 6.2% [12] .
We set out to understand the current infant feeding practices and perceptions in Mbale District, Eastern Uganda. At the time the study was designed there was no published literature available on this topic from that area. Our aim was to improve our understanding of the actual infant feeding practices based on 24-hour dietary recall and dietary recall since birth.
Methods

Study site
The study was performed in Mbale District, Eastern Uganda with a total population of 720,000 and a population density of 535 per square kilometre [13] . The study was done in two of the seven counties: the urban Mbale Municipality, situated approximately 230 km from Kampala, and the rural Bungokho. Mbale Municipality is the district centre and has approximately ten percent of the district population [13] . Bungokho surrounds Mbale Municipality, and the population mainly consists of subsistence farmers. Mbale Hospital is both the District and the Regional Referral Hospital. In May 2002 the antenatal clinic at Mbale Hospital added a PMTCT component to its tasks.
Design and sampling
Mothers of infants (0-11 months) were the primary targets as respondents, but caregiver-infant pairs were allowed for data-collection. The study was planned to be large enough to assess the prevalence of semi-exclusive breastfeeding at three months. Semi-exclusive breastfeeding is exclusive breastfeeding disregarding prelacteal feeds. The assumption was that the prevalence rate of semi-exclusive breastfeeding at three months was the same as in a previous study at a rate of approximately 50%, based on a 24-hour recall [9] . The confidence interval (CI) was set to 95%. The minimum sample size of 645 children was obtained [14] .
We utilized a two-stage probability proportional-to-size cluster design [15] . Randomization was done on the village level and on the household level. Uganda Bureau of Statistics in Entebbe [13] provided us with an overview of the local administrative units. A total of 793 households were visited. There were 27 non-respondents from Mbale Municipality and 3 from Bungokho. Another 36 respondents with incomplete data and caregivers who were not mothers were excluded for analysis. This resulted in a total of 727 mother-infant pairs included for analysis. The mothers and caregivers were interviewed in their households in October and November 2003 by data collectors who were fluent in the local language Lumasaaba.
The questionnaire
Based on the discussions of four focus groups among mothers and grandmothers in the rural and urban sites, a site-specific structured questionnaire in Lumasaaba was developed and pre-tested. Thirty-five liquids and food items were asked for in a 24-hour dietary recall. The same items were asked for in a dietary recall since birth immediately after the 24-hour recall. The 24-hour recall reflected the feeding practices from the previous morning to the morning of the interview. In the dietary recall since birth the respondents were asked if any liquid and food item had been given to the infant and, if so, when that was done for the first time. The questionnaire also included questions on socio-demographic characteristics, breastfeeding, prelacteals, siblings, immunisation status and water and sanitation.
Data handling, definitions and analysis
The data entry was done using EpiData 3.0. Data analysis was done using SPSS 14.0.1. Prelacteal feeds were defined as any food item given within the first three days. All answers about food items were grouped in four feeding categories modified according to the WHO definition [16] : 1) exclusive breastfeeding (EBF), meaning those who had received nothing but breast milk from their mothers; 2) predominant breastfeeding (PBF), meaning those who had breast milk as their predominant source of nourishment, but with the possible addition of water and water-based drinks, fruit juice and locally made oral rehydration salts solution (ORS); 3) complementary feeding (CF), including any supplementary milk, fresh diluted and undiluted cow's and goat milk, any infant formula and milk powder or milk in tea, as well as any semi-solid and solid food with starch, fruits and vegetables, meat, fish and other protein rich products like eggs; and 4) replacement feeding (RF), including any foods or liquids except breast milk to the infant. Immunisation status was divided into adequately and not adequately immunised. For the 'adequately immunised' a one month time-lag after the national immunisation programme was allowed. Education was grouped into five categories: 1) no formal education; 2) some years of primary education, but incomplete; 3) completed primary education; 4) secondary lower education (8-10 years); and 5) secondary higher education or higher education (≥ 11 years). Marital status was divided into three categories: 1) traditional marriage, which is officially recognized in Uganda; 2) formal marriage including civil and religious marriage; and 3) other, comprising single, divorced, separated or widowed. Religion was grouped into the three main denominations: Protestant, Catholic and Muslim.
Socio-economic status was assessed by constructing an index by the use of principal components analysis (PCA). The following domains went into the model: 1) characteristics of the dwelling, including floor, walls, roof material, number of rooms per household member and toilet-status; 2) main source for lighting and cooking; 3) number of beds and ownership of the ten most wanted items (radio, television, telephone, cupboard, refrigerator, bicycle, motorcycle or scooter, car or truck and any machine for earning income); and 4) ownership of the most common animals (hens, turkeys, goats, cows and pigs). Ownership of land was kept separate. Cut-off points were given for five equal groups and quintiles representing the poorest to the least poor were used for analysis.
Separate life-table analysis was done using SPSS 'survival analysis' for the different feeding categories for both the dietary recall since birth and the 24-hour dietary recall and compared. To make it simpler for the respondents, the information about the dietary recall since birth was recorded in months, with less than four weeks counting as zero months and only completed months being used for analysis. Termination of a case in the life-table analysis was the introduction of a food item discontinuing exclusive breastfeeding and starting predominant breastfeeding, and discontinuing predominant breastfeeding and starting complementary feeding. Prelacteal feeds and 24-hour recall were controlled for in the dietary recall since birth analysis. Cox regression analysis was done to check for factors associated with the different feeding practices for the recall since birth and the 24-hour recall. The practice of giving prelacteal feeds was analyzed by using binary logistic regression. For the multivariate analysis the SPSS 'conditional backward method' was used, and removal was set to 0.2. Factors controlled for were urban/rural residence, mother's age, marital status, mother's education, religion, ownership of land, socio-economic status, gender of the infant and number of siblings. Confidence intervals (CI) reported were set to 95%.
In addition to categorizing all the food items into the four different feeding categories for the life-table analysis, the food items given to more than twenty percent of the infants are presented separately. The cumulative percentages of infants receiving these food items at different points in time were obtained. Mean and 95% CI, median and ranges were used for continuous variables, and nonparametric tests were used for categorical comparisons. The significance level was set to ≤ 0.05. The clustering effect was not controlled for as the large number of primary sampling units (111) in the study reduced the effect of it [15] .
Ethics
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Results
Among the 727 mothers the mean age was 25.4 years (range 14 to 43 years). The mean age of the infants was 5.4 months (range 0.03 to 11.96 months). The mothers had an average of 6.4 years of formal education (range 0 to 16 years), and the fathers 7.7 years (range 0 to 20 years, response rate 85%). The mothers in the urban areas tended to be younger and also have higher formal education compared to the mothers in the rural areas. They had also immunised and weighed their infants to a higher degree. The mothers living in the rural areas tended to have more children than those living in the urban areas (table 1) .
Initiation of breastfeeding and prelacteal feeding
The breastfeeding experience was nearly universal. Only one of the mothers questioned had not breastfed. Of the 726 mothers having breastfed only eight (1.1%) had stopped breastfeeding mainly due to the reported feeling of not having enough milk or the reported perception of the child not being interested. All of these eight stopped before the infant was five months, the mean and median age of stopping breastfeeding being 3.0 months. Out of the 727 mothers 718 (98.8%) practiced any breastfeeding at the interview date, 712 (97.9%) breastfed both at daytime and at night, 3 (0.4%) breastfed only at daytime and the same number only at night.
The majority initiated breastfeeding during the first day, and within the third day nearly everybody had tried breastfeeding (table 2). Prelacteal feeding was given to 57.1% of the infants within the first three days, and water based liquids were the most common (table 3) . The main reason the mothers reported for giving prelacteal feeds was that they had to wait until the milk started flowing. Other reasons for giving prelacteals had to do with the baby being hungry, cleaning of the baby's throat, her own pain and exhaustion after delivery, traditions and advice from health staff.
The mothers were asked whether the baby actually needed anything except breast milk for the first three days and 252 (35%) said yes, 413 (57%) said the babies did not need anything extra and the rest did not know. Of those thinking that the baby needed prelacteals 172 (68%) actually gave it, and of those who believed the infants did not need anything 206 (50%) had actually given prelacteals (p < 0.05).
The only socio-demographic factors associated with prelacteal feeding were high education and formal marriage which remained significant as protective factors against prelacteal feeding in the adjusted analysis (adjusted OR 0.5, 0.2 -1.0 and 0.5, 0.3 -0.8, respectively).
Dietary recall since birth
For the dietary recall since birth the proportion still practicing exclusive breastfeeding was 0.07 at three and 0.00 at six months, and the proportion still practising predominant breastfeeding was 0.30 and 0.03 at the same points in time. Figure 1 shows the life-table curves presenting the proportion discontinuing exclusive breastfeeding and starting predominant feeding, the proportion discontinuing predominant feeding and starting complementary feeding and those receiving replacement feeding, meaning not receiving any breast milk, at the different points in time. The exclusion of prelacteal feeding in the analysis yielded the same results in the life-table analysis from day 30 onwards. In the Cox regression analysis done for predominant breastfeeding (PBF) and complementary feeding (CF) no important risk factors were identified after adjustment (table 4) .
24-hour dietary recall
The proportion who did not receive any liquids and food items in addition to breast milk, qualifying for being exclusively breastfed according to the 24-hour dietary recall, was 0.81 at three months and 0.52 at six months. This dropped steadily up to one year, but still at nine months about a quarter did not get any water or milkbased food items or semi-solid and solid food items from the previous morning to the morning of the interview.
The life-table curve is plotted for those being exclusively breastfed, those receiving complementary feeding and those receiving replacement feeding according to the 24-hour dietary recall (figure 2). Cox regression analysis was done for both predominant breastfeeding and complementary feeding. No significant associations were seen for the predominant breastfeeding for urban/rural residence, marital status, mother's education, religion, ownership of land, socio-economic status, gender of the infant, age of infant or number of siblings. This was the same for complementary feeding except that mothers aged 25-29 tended to give complementary food items slightly less (adjusted OR 0.8, 0.6 -0.9, p < 0.05), this was significant in both the crude and adjusted analysis.
Comparison between the 24-hour dietary recall and the dietary recall since birth
There is a considerable difference between the 24-hour recall and the dietary recall since birth. The difference between the two methods ranges from 51 to 78% for EBF and from 30 to 59% for PBF. Figure 3 presents the introduction of the different food items. The figure excludes liquids and food items given to less than twenty percent of the infants, such as black tea without sugar or milk, rice water, infant formula, powdered milk, goat milk, peas, cassava, sugar cane, millet bread and eggs. The figure shows that for the items being introduced, water and sugar water were introduced to the highest degree in the first month and semi-solid and solid food items, except maize porridge, in the seventh month. Milk products were mostly introduced in the fourth month together with maize porridge. It was common to give "gripe water" throughout infancy.
Preferred feeding items and ages at introduction
Discussion
In our cross-sectional survey of 727 mother-infant pairs in Eastern Uganda in 2003, an overall picture of universal breastfeeding emerges. Despite universal breastfeeding, there is a need for improved infant feeding practices according to WHO recommendations [17] . Firstly, exclusive breastfeeding for the first six months was uncommon. This was especially obvious when 'since birth questions' were included. Secondly, frequent use of prelacteals, early introduction of many different kinds of food items, and too little complementary feeding in the second half of infancy were also seen. The feeding patterns seen in our study were not influenced by socio-demographic characteristics, which is consistent with earlier findings from Uganda and Tanzania [9, 18] .
In our study the majority of mothers initiated breastfeeding within the first day. The Baby Friendly Hospital Initiative (BFHI) promotes early initiation of breastfeeding, preferably within the first hour [19] . Recent findings have emphasized the risk of delayed onset of breastfeeding on neonatal mortality in a sub-Saharan setting and demonstrated that neonatal mortality could be reduced by 16% if mothers started breastfeeding at day one and 22% if they started within the first hour [20] .
In our study the majority of mothers gave prelacteal feeds to the infants, a common practice among African mothers [9, 10] , which is discouraged by the BFHI [19] . The practice of giving prelacteals does not seem to prohibit breastfeeding from being the norm, but in our cross-sectional study possible harmful effects can not be assessed.
Infections are the estimated cause of 36% of neo-natal deaths [21] . As a post-natal intervention breastfeeding could prevent a huge amount of neo-natal deaths [22] . Culturally appropriate behavior-change communication strategies are particularly needed as an antenatal and postnatal intervention [22, 23] .
Studies in different settings have demonstrated different risks of too early introduction of complementary foods for the infant population (0-11 months). A multi-centre study showed increased risk of hospitalization and mortality [24] . Another Eastern European study demonstrated an increased risk of gastrointestinal tract infections and atopic eczema [25] . Promising results of exclusive breastfeeding are seen in sub-Saharan African settings, especially on reduction of HIV-1 transmission [7] . WHO encourages further studies on infant feeding practices in this latter area [16] .
For the purpose of describing infant feeding practices cross-sectional surveys have been widely used [26] . There have been discussions on which recall methodology to use and how strictly to define the different feeding categories [27] . Dietary recall since birth as it is used in our study strictly emphasizes the WHO feeding definitions, focusing on the first discontinuation of exclusive breastfeeding or predominant breastfeeding [16] . Newer studies looking at HIV-1 transmission have allowed for a few lapses in exclusivity as long as it does not involve other protein-rich products like milk. There are still many uncertainties about where to put the threshold for exclusive breastfeeding and what is clinically significant when it comes to HIV-1 transmission, growth and other health outcomes [7, 16] . In our study we saw that the 24-hour recall presents a picture where about half of the infant population was still exclusively breastfed after six months, compared to 0% according to the dietary recall since birth. The 24-hour dietary recall detected that about a quarter of the infants did not receive any food items from the previous morning to the morning of the interview at nine months of age. A study from Rakai, Uganda also compared the 24-hour recall with the recall since birth confirming a discrepancy in the proportion practicing exclusive breastfeeding [28] . The two recall methods describe the reality in different ways, and until we can better link any particular method with dangerous health outcomes for the infants it may be best to measure and report both ways.
Uganda Demographic and Health Survey, UDHS 2000-2001 stated that breastfeeding in Uganda is universal with 98% of children being breastfed. According to UDHS two in three children younger than six months of age are exclusively breastfed. These data are based on the 24-hour recall [29] . A review based on Demographic and Health Survey data [30] looked at breastfeeding patterns and exposure to suboptimal breastfeeding among children in developing countries and found an exclusive breastfeeding rate of 41.4% in Eastern Africa among infants up to six months. The main weakness mentioned in this review was that the survey's reported rates, particularly of exclusive breastfeeding, appeared to have a systematic upward bias, and exposure estimates should be considered conservative.
The proportion being exclusively breastfed (EBF), predominantly breastfed (PBF), complementary fed (CF) and replacement fed (RF) according to the recall since birth Figure 1 The proportion being exclusively breastfed (EBF), predominantly breastfed (PBF), complementary fed (CF) and replacement fed (RF) according to the recall since birth. The question is whether retrospective cross-sectional methods can be a feasible alternative to prospective studies for the purpose of describing infant feeding behaviour with the methodological challenges it generates. A comparison of maternal recall methods was also done by Bland et al 2002 [31] , where they compared frequent prospective 48-hour recall and seven-day recall with recall after six to nine months, and they concluded that the 48-hour recall and the six-months recall were equally poor. They recommended seven-day recall prospectively at intervals. They did not look at consecutive retrospective recalls since birth. This study was one among many which WHO's assessment tool for research from 2001 [16] was based on. The assessment tool acknowledges the complexity of infant feeding patterns as an infant can be exclusively breastfed for a period, receive other food due to a change in circumstances, and then return to exclusive breastfeeding again. This complexity can only be captured by continuous assessment which most studies will not be able to do [16] . A Swedish multi-centre longitudinal study compared the 24-hour recall with a prospective study with frequent detailed questionnaires starting 3-7 days after birth, and a difference in over 40 percentage points for EBF at age two and four months of age in the follow-up group compared to the 24-hour recall was found [32] . Likewise a Peruvian study also showed a great discrepancy between observed data, monthly reports and daily recall [33] . The discrepancy between the retrospective recall since birth and the 24-hour recall in our findings seems to be consistent with these large prospective studies.
One of the major contributions of this paper is the possibility of using 'since birth' questions in a cross-sectional survey as a complement to the 24-hour recall. The crosssectional design is a feasible alternative compared to prospective studies, which is especially important in resourcelimited settings. Given these advantages some limitations arise. The most striking limitation of the dietary recall since birth is the potential recall bias, as the mothers might forget when they introduced a food item. By recording in completed months compared to more detailed time estimation, inaccuracy is reduced at the expense of precision. According to a recent Finnish study good correlations between face-to-face recalls at three and six months and short-duration recalls by phone were shown [34] . The relative validity was especially good for breast milk and breast milk substitutes, and fairly good for other foods. Another question is if asking 'the 24-hour recall first' and thereafter 'the recall since birth' causes a certain response set. To our knowledge there are no estimates of the effect of this method. We followed a tradition of asking the 3  7  30  81  84  74  54  4  3  14  70  73  67  59  5  1  6  62  65  61  59  6  0  3  52  55  52  52  7  0  42  45  45  8  3 3  3 5  9  2 3  2 5  10  12  13  11  5  6  12 0 0
The proportion being exclusively breastfed (EBF), predominantly breastfed (PBF), complementary fed (CF) and replacement fed (RF) according to the 24-hour recall Figure 2 The proportion being exclusively breastfed (EBF), predominantly breastfed (PBF), complementary fed (CF) and replacement fed (RF) according to the 24-hour recall.
most recent questions first and the least recent questions last. Similar cross-sectional surveys with a dietary recall since birth within infancy has been done earlier with faceto-face interviews and detected a similar pattern to what is found in our study [28, 35, 36] . A third problem which arises with face-to-face interviews is possible over-reporting of anticipated preferred behaviour [37] . In our setting with high illiteracy rates, unstable power supplies and widespread population, self-fill-in alternatives, whether paper or digital, were not feasible.
Conclusion
Improvements in infant feeding practices are needed to reduce preventable diseases, HIV-1 transmission and mortality [1] . EBF has been emphasized in sub-Saharan Africa for two reasons: 1) it has a superior protective effect against both morbidity and mortality in the whole infant population, and 2) it generates a potentially lower postnatal HIV-1 transmission among children born to HIV-1-positive mothers. The first scientific challenge is to better understand how strictly exclusive breastfeeding needs to be in order to produce these beneficial effects. The second challenge is which methodology to use to assess exclusiveness. A 24-hour recall alone is potentially harmful as it tends to overestimate the exclusive breastfeeding practice and may give policy makers a feeling of false security so that they are not sufficiently alert to the need to focus on better breastfeeding practices. One advantage, however, is that it might detect absence of proper complementary feeding in the second half of infancy when complementary food items are recommended. The cost of the WHO suggestion of prospective frequent data collection is prohibitive for most policy purposes. Recall since birth provides a picture close to reality describing the first Introduction of the different food items for food items given to more than 20% of the infants, cumulative percentage. Median and range given Figure 3 Introduction of the different food items for food items given to more than 20% of the infants, cumulative percentage. Median and range given.
discontinuation of exclusive breastfeeding strictly after the WHO criteria. Combining the 24-hour recall with a recall since birth generates information that is important for policy and programme design. We therefore suggest that it is a feasible alternative to use a combination of these two methods to monitor infant feeding behavioural change interventions.
